The social system must be tmmformed to a sustainable cycle-oriented social system immediately. Numemus siudies have been conducied on envimnmenial problems. Those studier, howevel: focused on forming a ncrtainablesocietyjvm the top down, based on the belief ihat sirong restrictions such as laws will lead to the development of a sustainable society. We consider this belief to be suspect and believe it is more effective to form a social systemf" ihe boiiom up with retaining the current diversity of activities. In thispapel: therefore, we discuss the nature of a cycle-orienied social sysiemformedf" the bonom up to achieve a sustainoble sociev. By analysing ifs nature, we can idmhifv the conditions under which ihe system will be susfainable. In order to conduct this analysis, we apply the absiract m ' t i n g sysiem on multirefs (RRMS) technique.
Introduction
Environmental problems have been receiving increasing attention and we have been facing them. Therefore ow social system must be changedto a sustainable cycle-oriented social system i"ediately [l, 21. A considerable number of studies have been conducted on this subject However those studies tend to regard the cycle-oriented social system as a very simple concept.
We believe that it is important to take a closer look at bow we should form the cycle-oriented social system and what it basically is.
Electric Housebold Appliances are being enforced in Japan, so that we must bring televisions, washing machines, refigerators and air conditioners to specific manufacturers and pay them the cost, whenever we want to discard them. It seems that we have tacitly agreed that our activities should be restricted and that this is necessary, in order to protect the environment and form a sustainable society by applying strong restrictions fiom the top down. Yet consumers could reuse items they are going to discard in another way by using their imapination, if our activities were not strictly controlled. This will possibly have a vital impact on economic issks. Hence it may be more e5cient to form a social system from the bonom up and retain a diversity of activities. Of come, this is not to say that we can do whatever,we want to do. Ifwe simply started to form a social system without any restrictions e o n the bottom up, it would end up causing other environmental problems such as those being faced by our present society and would not last for very long.
social system and then fnd appropriate conditions for achieving a sustainable system by means of computer simulation. Many studies have focused on optimising the material flow in a c a i n time section, on the basis of the belief that the pursuit of materials circulation will enable the development of a sustainable society.
We consider this belief to be suspect, and consider that the basic analysk of aspects of the nature of the cycleoriented social system, such as sustainability, diversity of actions and the complexity of the system, should be investigated In order to conduct kch an analysis, we apply the technique of the abstract'rewriting system on multisets (ARMS)[q. In this paper, we propose a h e w o r k for analysing sustainability using ARMS.
We believe that we need to analyse the cycle-oriented 2 Modelling of Cycle-Oriented Society
Cycle-Oriented Social System
As environmental problems are becoming more serious, laws and technical innovations are being enforced to form a sustainable society. However it 1s taken for gmnted that consumers' choices should be restricted. It appears that the social system is being formed from the top down. Generally speaking, in our society, producers add value to products by using their own imagination In other words, they are resources for economic activity. On the other hand, in a cycle-oriented social system, producers as well as consumers can add value to products and reuse them, because consumers stand at the starting point of material circulation. For instance, it has been proposed that pmsumers who produce things they want to use should appear in a sustainable society [3] . They will take an active part in the social system. As a result, if it is possible to utilise their contributions e5ciently so as to form the social system, we believe that we can form a vital social system. What we mentioned means that we should form the kycle-oriented social system from the bottom up. Therefore, we must find a method for modelling the social system and to establish the system fium the bottom up. We have used a rewriting system as a tool to model a social system formed from the bottom up [4] .
Viewpoints of Our Study
We tend to associate a system from the bottom up with a complex system. However, we also assume that a great complex social system is not sustainable. In the complex system, there are numerous diverse activities, so that without any restrictions, the circulations of materials will collapse. What must be considered is that a very wide range of our diverse activities without any restrictions have clearly had a significant impact on the environment and have caused environmental problems which are an increasing cause for concem. Therefore, we need to find restrictions to make the system sustainable. On the other hand, we assume that a very simple social system cannot last long either. In the simple system, there are only a few activities, which means most activities are restricted. We expectthat an apprupriately diverse range of activities will make OUT society vital.
With respect to these viewpoints, we need to have a h e w o r k in which we can discuss correlation sustainability, the complexity of the system and the restrictions required for the cycle-oriented social system which we are aiming at. The purpose of this study is to idenhfy restrictions in order to make the system sustainable. When we use the rewriting system as a tool for modelling, it can deal with the termination property ofcalculations, the social system in an abstract manner and identify which restrictions influence the system.
A R M S
ARMS is similar to a chemical solution in a container where floating molecules can interact with each other according to reaction rules, and finite multisets of elements corresponding to molecules and reaction rules are specified by using rewriting rules. ARMS can deal with systems with many degrees of freedom and simu- In this example, we define the sue of the multisets as 4, the initial state in the multisets is {a, a, b, d) and a rewriting rule is randomly selected in each step. One a is set in the multisets in every step unless the total number of elements exceeds 4. 
Rewriting Rules in the System
In order to model the cycle-oriented social system by using A R M S , we regard a rewriting rule as an action which we usually perform in the social system. The society and circulatory materials are regarded as a certain container and various elements, respectively We basically use three kinds of rewriting rules : Rule l, Rule 2 and Rule 3vig.l). For instance, we define an A R M S as follows;
a and b correspond to resources which are needed for production. c corresponds to a product. d and e correspond to resowes to be recycled. TI denotes the process of production c defined as Rule 1, as a product is assembled from various parts.
rz denotes the process of consumption and resolution defined as Rule 2, as a product is taken apart after it is bought from a store. r3 denotes the process of recycling defined as Rule 3 . A model, which we define as a cycle-oriented social system, is summarised in Fig.? ,. At the initial state, rewriting rules are generated randomly according to some restrictions as follows;
In Rule 1, the left-hand side of the mwiting rule has some resowes and the right-hand side has a product.
In Rule 2, the left-hand side of the rewriting rule has a product and the right-hand side has some resowes to be recycled In Rule 3, the left-hand side of the rewriting rule has some resources to be recycled and the righthand side has some rFsouIces.
In Rule 3, the number of elements on the lefthand side is equal to that on the right-hand side.
8 Each rule needs a certain amount of energy for application which depends on the types of elements on the left-hand side of the rewriting rule. 
Flg. 2: A model of the cycle-orlented social system
However, we cannot deal with the dynamics of the social system ifwe simply regard circulatory processes as rewriting rules in ARMS. Here, we inmduce a technique to ARMS. In order to deal with the dynamic social system, all rewriting rules are evaluated after a certain number of steps according to an evaluation function A rule which is applied the maximum number of times among the rewriting rules copies itself to the group of rules, whereas rules which are not used for a certain number of steps disappear, so that rules which cannot adapt to changes in the ewironment are eliminated. In addition, a new rewriting rule is added after a certain number of steps, so that the group of re\Miting d e s remains diverse. We use a very simple evaluation function F as follows; F = W~x T + W~x c / E , (7) where T denotes the applied times, E denotes the energy required for application; W , and WZ denote coefficient values and c is a constant. Using the evaluation function F and the technique mentioned above, the system will obtain rules that are used frequentlywith small amount of energy to circulate elements, and the system can thus develop the rules and form from the bottom up.
Simulation
We develop the cycle-oriented social system by using ARMS in a computer. In this simulation, we observe the behaviour of the system made up from the bottom up and determine conditions under which the system c m obtain many rules corresponding to our actions; we assume that divetie actions in the system are effective. In nature, species population stability is typically greater in s@cturally complex communities than in simple ones[q. Therefore, we describe the complexity of the system by using a number of different kinds of elements as a restriction. If there are various elements in the system, it yields a complex system. On the other hand, ifthere are only a few different kinds of elements, it yields a simple system. We simulate how changes in the number of rewriting d e s are reflected in the behaviour of the system.
Setup of Simulation
In Case I, Case 2 and Case 3, there are 6, IS and 45 kinds of elements in the initial states, respectively. The size ofthe multisets is 10000. The selection is performed every 250 steps and a new rewriting d e is introduced into a set of rules every 20 steps. An element which is selected randomly flows into the multisets every two steps. An element selected randomly flows out from the multisets every four steps.
Results and Considerations in the Simulation
In Fig.3 , Fig.4 and Fig.5 , the x-axes indicate the number of steps and the y-axes indicate the total number of rewriting'rules in the systems. A step refers to a process in which a rewriting rule is selected and its application attempted. Fig.3, Fig.4 and Fig.5 show the transitions of the numbers of the rewriting rules in Case 1, Case 2 and Case 3, respectively. It was found from these results that the complex cycleoriented system could obtain a higher number of the rules corresponding to our actions than the simple sys- tem. However the greater complexity of the system did not allow it to reach a stable state. Next, we show the result that for a simulation performed 400 times for each Case. In Fig.6 , the x-axis indicates the number of Cases and @e y-axis indicates the average number of rewriting rules. Case 2 has the highest number of rewriting rules and Case 1 bad the lowest one. This result shows that it is not possible to obtain many rewriting rules simply by adding various elements to the system. We see the average numbers of rewriting d e s of Case l,CaseZandCase3inFig.7. Thex-axisindicates the number of Cases and the y-axis indicates the average number of steps needed for termination. In Case 2, it was found h m the result that the system sustained for the longest steps in Cases, whereas in Case 3, the system kept circulating longer than Case 1. Complex cycle-oriented social systems, where there are more actions than simple ones, can make the life of the system longer than in simple systems. However, if we make the system complex without restrictions, as in Case 3, the system does not last any longer.
Through the simulations, we found that sharp fluctuations of the number of rewriting rules occurred sometimes. Io order to determine the reason for this, we performed another simulation. Fig.8 shows that the correlation between the number of elements and the number oftimes that the number of rewriting d e s changed sharply. In Fig& the x-axis indicates the number of elements in the system and the y-axis indicates the number of times that the number of rewriting rules changed sharply.
It is evident h m Fig.8 that sharp fluctuations in the number of rewriting rules occurred when the total 
' Conclusion
In this paper, we began our discussion by stating that it is efficient to form a cycle-oriented social system from the bottom up and that the belief that the pursuit of material circulation will lead to an ideal society is suspect. Then we described the modelling of an abstract cycle-oriented social system using ARMS.
ThmI OlsbmanD
Flg. 8: Correlation between the number of elements and the number of times that the number of rewriting rules sharply
As the 6rst step toward the construction of a fiamework for analysing sustainability, we showed that the number of rules corresponding to our actions depended on the complexity of the system and a complex system resulted in a large number of d e s . However, we
showed that a system having much higher complexity did not last for very long. From what has been discussed above, we can conclude that modelling and analysing the cycle-oriented social system using this method is an effective means of making the fiamework We found that a system which has a high level of having great complexity did not last for very long and found the cause to be a sharp fluctuation of the number of rewriting rules in the simulation. Hence we need to consider restrictions in order to make the system having a high level of complexity sustainable to form a system that has diverse tules, as the next step.
